Background: Dementia has become a growing health-care problem in the rapidly ageing Japanese population. This study assesses the impact of dementia on quality of life, economic burden, and productivity loss. Objective: The objective of this study was to assess the impact of dementia on the Quality of Life (QoL), economic burden, and productivity loss among families living with dementia. Methods: An online survey was conducted among families who lived with relatives with dementia. Demographic data and information about health condition and costs of long-term care and treatment were collected. Participants were asked to answer the EuroQol (EQ-5D-5L) questionnaire, Zarit Burden Interview (ZARIT-8), and Work Productivity and Activity Impairment Questionnaire (WPAI). Multivariate analyses were conducted to assess factors associated with burden by families living with dementia. Results: Six hundred and thirty-five participants completed the survey. Of these participants, 50.5% were primary caregivers. Overall, 78.7% of dementia patients suffered from Alzheimer, and 43.9% needed long-term care. Compared to non-primary caregivers, primary caregivers had lower health utility scores (0.896 vs 0.873; p = 0.02), higher burden of caregiving (ZARIT-8: 21.1 vs 24.5; p < 0.0001), and higher overall work impairment (40.2% vs 20.8%; p < 0.0001), absenteeism (15.3% vs 5.7%; p < 0.0001), and presenteeism-related impairment (33.2% vs 17.3%; p < 0.0001). Conclusion: Families living with dementia caring for a person with dementia experience increased burden. Health policies related to dementia need to be considered not only for patients, but also for their families living with dementia to improve their QoL.
Introduction
Dementia is one of the major causes of disability and dependency among older people with pathologies such as Alzheimer disease (AD), vascular cognitive impairment (VCI)/vascular dementia (VaD), and dementia with Lewy bodies (DLB). It is estimated that 47.5 million people suffer from dementia worldwide, and 7.7 million new cases emerge yearly [1] . The prevalence of dementia is expected to double every 20 years from 35.6 million in 2010 to 65.7 million in 2030, reaching 115.4 million in 2050 [2] .
In Japan, the prevalence of dementia in people aged 65 years or older, is estimated to be 15% and is expected to increase as the Japanese society ages. The number of elderly with mild cognitive impairment (MCI) was estimated to be 4 million in 2012 and to reach 7 million in 2025 [3] .
Dementia has a major impact on the lives, families, and careers of those with the condition. It is a disorder that poses many challenges to health professionals throughout the entire pathway of care, from early diagnosis to the end of life. More than 95% of people in nursing care homes have dementia and 68% of elderly need caregiving (over level III by governmental criteria of long-term care support/needed [youkaigo/youshien]) [4] .
Shortage of nursing care and caregiving services are considered serious issues in Japan. There is over 3.6 million elderly over 75 years of age qualified as needing care as of 2013 estimates. The number of nursing personnel who works for long-term care is relatively small to the share of the aged population. The government aims at establishing a community based comprehensive care system by 2025, which could provide a care package of housing, health care, long-term care, preventive care, and support for living [5, 6] .
Dementia impacts not only the patient's quality of life (QoL) but also that of the caregivers [7, 8] . The 2011 National Health and Aging Trends Study (NHATS) and National Study of Caregiving (NSOC) revealed that caregivers providing substantial help with health care were significantly more likely to experience emotional, physical, and financial difficulties than caregivers providing no help with healthcare in USA [7] . It was also reported that there is a strong relationship between mental health and health-related quality of life (HRQoL) among caregivers of dementia patients in Columbia [8] .
The objective of this study was to assess, via a webbased survey, the impact of dementia on QoL, economic burden, and productivity loss among families living with dementia.
Methods

Study design
We conducted an online web-based survey between February 2016 and March 2016 among families who were living with patients afflicted by dementia. The survey was a self-administered, self-reported, internetbased questionnaire for adults 18 years of age or older. Respondents were recruited through a panel of Japanese residents who agree to participate regularly to online surveys. (Anterio Inc., Japan). Online survey was sent to 1,319 panel members who responded living with a family member diagnosed with dementia and 635 (48.1%) were responded to the survey. The protocol of the study was approved by the Ethics Review Committee of the Health Outcome Research Institute.
Study sample and procedures
The families living with dementia were divided into primary caregivers and non-primary caregivers. Primary caregivers were defined as families living with dementia who were mainly taking care of persons with dementia, whereas, non-primary caregivers were defined as families living with dementia providing secondary care or family members without caregiving activities. The questionnaire was composed of two sections which focused on the burden of families living with dementia patients and the burden of persons with dementia.
The questionnaire for families living with dementia included questions on demographics (age, gender, marital status, annual income, education level, number of children, and comorbidities), and employee status (full-time, non-full-time (part time, self-employed, unemployed, or student). Further questions addressed caregiving status (primary-caregiver, supportive caregivers, or no caregiving), health utility score (EQ-5D-5L), burden of caregiving (ZARIT-8), monthly direct medical cost (yen) of families living with dementia, work productivity and activity impairment (WPAI).
The questionnaire for persons with dementia included questions on demographics (age, gender, and current living situation of the patient) and type of dementia (Alzheimer, cerebrovascular dementia, DLB, Pick's disease, juvenile Alzheimer's disease, others, or unknown). The questionnaire also included questions on EQ-5D-5L, Barthel index for activities of daily living (ADL), monthly medical care, and level of care (caresupport level I or II and care-need level I, II, III, IV and V). People with the care-need level 1 are least disabled, and with care-need level V are most disabled. People classified with care-need level III, IV, and V require longterm care services [9] .
EQ-5D-5L questionnaire was developed by EuroQol Group as a standardized non-disease specific instrument to describe and value health-related quality of life [10] . Utility values were derived using Japanese EQ-5D-5L tariffs developed by Shiroiwa et al [11] .
ZARIT-8 questionnaire was validated for the Japanese population by Arai et al [12] . The total score ranges from 0 to 88 with the higher score indicating the greater burden.
WPAI is a six-item validated questionnaire that measures metrics of problems with work during the past 7 days [13] . The score shows the percentage of hours missed due to problems and degree health affected productivity. The greater percentage of absenteeism indicates the greater burden, while the greater percentage of presenteeism indicates more time spent at work. ADL questionnaire consists of 10 items: feeding, transfers, grooming, toilet use, bathing, mobility, stair use, dressing, and bowel and bladder movement. A score of 100 indicates independence while 0 describes patients who totally dependent on his/her caregivers [14] .
Statistical analysis
The statistical analyses were performed using the SAS 9.3 statistical package (SAS Institute Inc., Cary, NC, USA).
Descriptive statistics were computed to describe burden of families living with dementia and patients with dementia living with these families. Data with normal distribution were compared using the Student's t-test or ANOVA; the Mann-Whitney-Wilcoxon test or the Kruskal-Wallis test were used for groups with non-normal distribution. The level of significance was set at p < 0.05.
Identification of risk factors of outcomes of interest, i.e., QoL, caregiving burden [Zarit-8 total score], overall WPAI, and medical cost of families living with dementia was performed in two steps.
The first step consisted in identification of potential risk factors looking at the association between each outcome of interest and included variables comprising demographical characteristics of families living with dementia and dementia patients, QoL and ADL of dementia patients. Associations were determined using unadjusted bivariate analyses. Variables were qualified as potential risk factors when p-value of tested associations were lower than 0.1.
The second step consisted in identification of risk factors of the outcomes of interest, using generalised linear models (GLMs) with potential risk factors as covariates. Several distributions were tested including normal, Poisson, negative binomial, log-normal, zeroinflated Poisson, and zero-inflated negative binomial distributions. Zero-inflated Poisson, and zero-inflated negative binomial distributions are two-part regression models. Those models are useful when proportion of zeros of the outcome of interest is high. These models are constructed with two different components:one drives whether the value is 0 or not, andthe other one drives the value of the strictly positive count (amount part). The best fitted model was selected based on the minimization of the Akaike Information Criterion (AIC) [15, 16] . Covariates were qualified as risk factors when p-value of tested associations were lower than 0.05.
Results
Socio-demographical characteristics and burden description
A total of 635 families living with dementia patients were identified, as the cohort panel of families living with a dementia patient through Anterio inc. Japan, with a mean age of 51.2 ± 11.3 years and 49.1% were women. 50.6% of the families living with dementia were primary caregivers, and 42.7% were full-time employees. Among the working families living with dementia, 40.9% were primary caregivers. Detailed information is given in Table 1 .
Patients with dementia totalled to 635 with a mean age of 82.5 ± 7.6 years, and 75.4% were women. The majority of patients were suffering from Alzheimer's disease (78.7%), followed by 4.1% with juvenile Alzheimer's disease, 3.9% DLB, and 1.6% with Pick's disease. The mean ADL score was 39.3 ± 32.6. The proportion of long-term care level over III, IV, and V were 43.9%. The average monthly cost was estimated to 215,862 ± 369,959 yen; however, the long-term care cost was 34,925 ± 33,239 yen. The average score of EQ-5D-5L was 0.559 ± 0.236. The demographic characteristics of dementia patients are presented in Table 2 .
Outcomes by caregiver status
The analysis of health outcomes by caregiver status revealed an average score of 0.885 ± 0.126 of EQ-5D-5L for families living with dementia. However, the EQ-5D-5L score of primary caregivers was significantly lower compared to non-primary caregivers (0.896 vs 0.873; p = 0.021). The mean Zarit-8 score was 22.8 ± 8.5 for families living with dementia, and it was significantly higher for primary caregivers compared to non-primary caregivers (24.5 vs 21.1; p < 0.001). Detailed information is given in Table 1 in supplementary materials.
For WPAI, the mean overall work impairment was 28.9%±32.8; while absenteeism and presenteeism were 9.7%±18.6 and 23.8%±30.2, respectively. The comparison between the two groups showed that overall work impairment and absenteeism were significantly higher in primary caregivers (40.2% vs 20.8%; p < 0.0001 and 15.3% vs 5.7%; p < 0.001, respectively). A significant difference in presenteeism was also observed between the two groups (33.2% vs 17.3%; p < 0.001). Detailed information is given in Table 1 in supplementary materials.
The analysis of monthly medical cost showed an average cost of 21,242 ± 41,743 yen for families living with dementia, yet no significant difference was observed between primary caregivers and non-primary caregivers. The outcomes by caregiver status are presented in Table 3 .
Factors associated with outcomes of interest
Comorbid hyperlipidaemia (p = 0.001), hypertension (p = 0.006), asthma (p < .0001), and osteoporosis (p = 0.004) of families living with dementia, lower dementia patients QoL, no full-time employment of caregiver, being a primary caregiver, and lower annual household income were identified as potential factors using bivariate analyses. Based on the best fitted model, families living with dementia with comorbid hypertension, stroke, asthma, osteoporosis, diabetes, hyperlipidaemia, not having full-time jobs, and relatives living with families living with dementia having hyperlipidaemia were considered negative predictors of families living with dementia on QoL. Higher patients' EQ-5D scores, higher annual household incomes, and better ADL of dementia patients were associated with higher QoL of families living with dementia. Detailed information is given in Table 2 in supplementary materials.
Based on the best fitted model, being primary caregivers and caregivers with two relatives with dementia were associated with higher caregiving burden. Higher dementia patients QoL and relatives living together with families living with dementia having rheumatoid arthritis were associated with lower caregiving burden. Factors associated with overall WPAI of families living with dementia were assessed using the bivariate analysis. The proportion of zero was estimated to be 37.6% using the two-part regression model. Being primary caregivers, divorced, and widowed families living with dementia were associated with higher overall work impairment.
The proportion of zeros of the monthly medical cost was estimated to be 28.5% using the 2-part regression model. Families living with dementia with diabetes, hypertension, stroke, cancer, and asthma, and dementia patients with rheumatoid arthritis, and those living in nursing homes were found as factors of higher costs. Better QoL of families living with dementia was associated with lower monthly medical cost. Detailed information is given in Table 2 in supplementary materials.
Discussion
Caregiving is a source of distress and poses a significant burden on families living with dementia. It has been shown that caregiving burden is higher in dementia than in other diseases [17] , highlighting the importance of research in this field for the development of solutions in the reduction of the burden of caregiving by identifying factors associated with QoL for caregiving. Our study showed that the burden of caregiving was significantly higher in primary caregivers than in nonprimary caregivers. We also found that the level of QoL was significantly lower in primary caregivers compared to non-primary caregivers with chronic diseases, contributing to the reduction in QoL, in both caregivers and care recipients. Being a primary caregiver significantly determined high overall work impairment.
The burden of caregiving depends on many factors related to the severity of care recipients' disease and their general health condition as well as socioeconomic factors. The presence of dementia contributes significantly to the increase in caregiving burden [18] . Behavioural and psychological symptoms that appear in the course of dementia have been shown to increase the caregiving burden among families living with dementia [19] . Although not all symptoms contribute equally to the burden of caregiving, they significantly affect relationships among families living with dementia. The study by Matsumoto et al. showed that agitation and aggression, as well as irritability and lability, had the highest impact on the distress among informal caregivers [20] . The study conducted by Miyamoto et al. confirmed this relationship among formal caregivers. Behavioural and psychological symptoms manifested by patients with dementia staying in psychiatric hospitals, nursing homes, or geriatric care facilities significantly increased the caregiver burden [21] .
Reduced QoL is strongly associated with the burden of caregiving. Santos et al. investigated the caregiving burden and QoL among primary caregivers of relatives with mild to moderate dementia. They found that caregivers' QoL was negatively correlated with depressive symptoms (r = −0.638; p = 0.001), anxiety (r = −0.359; p = 0.001) and burden (r = −0.547; p = 0.001); this association was similar in both dementia groups [22] . Takai et al. confirmed the presence of reduced QoL in families living with dementia but highlighted that patient-related variables were less important for QoL than subjective experiences of caregivers. In their study, depressive symptoms appeared to be the strongest predictors for caregivers' QoL followed by burnout and the cognitive impairment of dementia patients [23] . Results of our study are in line with previous reports. We found that QoL measured with EQ-5D-5L score was significantly lower in primary caregivers than in nonprimary caregivers. Interestingly, working part-time was associated with lower QoL, which may be explained by the need for a longer time spent on caregiving translating into an increased burden of caregiving. Further investigation is needed for evaluating the association between QoL and longer time spent on caregiving. We also found that comorbidities such as hypertension, stroke, asthma, osteoporosis, diabetes, and hyperlipidaemia in dementia patients served as negative predictors for QoL among caregivers. Greater independence of dementia subjects was associated with higher QoL among their caregivers, which is directly related to lower burden. Reports on the association between work impairment in primary caregivers and caregiving burden are scarce. Farre et al. investigated indirect costs related to loss of labour productivity in families living with dementia of dementia relatives and the caregiving burden in a prospective observational study of costs and resource use. They found that 28.3% of working caregivers had to reduce working hours, which was particularly evident among those who cared for relatives with more severe dementia. Factors such as caregiver burden, health status, or psychological well-being, increased the likelihood of reducing working hours [24] . Michalowski et al. found that caring for dementia patients includes mostly the use of informal care (85.1%). One in 7 caregivers experienced productivity loss. Factors such as the low daily living activity of dementia patients, living alone, and employment of a caregiver shift costs of care and are associated with greater use of formal care [25] . Reese et al. noted that long-term care consumes about 43% of the total costs of caregiving of dementia patients. The indirect cost of caregiving was almost entirely composed of productivity loss of caregivers [26] . The present study showed that the overall work impairment of primary caregivers was significantly higher than non-primary caregivers. Moreover, primary caregivers who lived alone (divorced and widow) reported higher overall work impairment, which can be explained by a greater number of reduced working hours due to patient care.
Our study has some limitations. In this survey, the sampled population may not be representative of the families with dementia patients since respondents were from a panel of Japanese residents who agree to participate regularly to online surveys. We reported outcomes on the Japanese population of patients with dementia and their caregivers. In Japan, the percentage of older people with dementia is high, with half of them living at home with their relatives. Cultural and social differences, as well as differences in health care systems, do not allow the results to be generalised to other populations. In our statistical analysis, the interactions and collinearity between variables were not tested.
Conclusion
The relationship between patients with dementia and their families living with dementia is complex and multidimensional. The severity of dementia and socioeconomic factors decrease QoL, particularly in primary caregivers who experience higher caregiving burden and overall work impairment compared to nonprimary caregivers. Health policies related to dementia need to be developed, not only for dementia patients, but also for their families living with dementia to improve their QoL and productivity. Further investigation is needed to develop tailored interventions aimed at reducing the caregiving burden and its consequences.
